The main objective of this paper is to analyze the representativeness of the SPEM (Software Process Engineering Metamodel Specification) and the BPMN (Business Process Modeling Notation) standards in the software processes modeling context. To perform this analysis, it was adopted a standard structure to define a software process based upon a process ontology. Then, the SPEM and BPMN standards notations and their semantically corresponding elements in the default process were identified. This mapping also includes components of the CMMI-DEV (Capability Maturity Model Integration for Development) and MR-MPS (Reference Model for Software Process Improvement) quality models. This was necessary to assist in the mapping evaluation through a case study which models the best practices of these quality models. Finally, we carried out an analysis of these standards through specific characteristics considered necessary to model and to represent software processes.
Introduction
Since the earliest development projects of large software systems, a major concern of the organizations was to provide a strategy to manage the complexity of software development activities [1] . Thus, several life cycle models have been proposed for software development (e.g. Waterfall, Spiral and Incremental Model). However, the granularity of these life cycle models was too high and did not describe the basic elements of the process, such as roles used [2] . Then there was the need to describe, in the processes, more information about what the organizations are actually doing during the development of software (e.g. adopted guidances). From this necessity arose the concept of Process Models.
A process model can be defined as a formal description of the software development where several types of information should be integrated in order to indicate when, where, how, why and by whom the steps are performed [3] . The software process is Software Engineering's main study object and can be defined as the set of activities that aim to build software from a set of requirements [4] . The process models usage brings a unique set of advantages for organizations [5] : allows the process to be understood more easily; allows the identification of process elements that can be improved; allows the processes reuse; and supports the process management.
In order to build a software process model it is necessary a modeling language which defines a set of notations needed to represent the elements that compose a software process [5] . There are several languages for software process modeling, highlighting: SPEM (Software Process Engineering Metamodel Specification) [6] that uses the UML (Unified Modeling Language) notations, defining a specific stereotypes set to support software process modeling; and the BPMN (Business Process Modeling Notation) [7] , an approach that treats the software process as a business process, as well as other organizational processes. These two languages are widely spread, largely due to the support they receive from OMG (Object Management Group) [8] -a worldwide recognized organization which aims to approve and maintain open standards for object-oriented applications.
Parallel to the emergence of these process models, there is the emergence of several quality models that are also strong indicators of the high importance of methods that contribute to improving the software process [9] . Most of these programs require that the processes are represented in some way, thus indicating the importance of process modeling as it provides a way to represent these processes [10] .
Obtaining Process Improvement Program certifications adds competitive value to the organizations both in the national and international levels. These programs aim to help organizations defining and continuously improveing software processes. In Brazilian scenario, we highlight the MR-MPS (Modelo de Referência para Melhoria do Processo de Software) [10] , a reference model for software process improvement which aims to adapt the models and standards to the reality of Brazilian companies. The software development organizations looking for international visibility have adhered to already established models such as CMMI-DEV (Capability Maturity Model Integration for Development) [11] . This maturity model aims to provide guidelines for process improvement and the products and services development.
This paper has two main objectives. The first is to establish a standard structure for software process. The second is the mapping between SPEM and BPMN modeling standards with process assets proposed by CMMI-DEV and MR-MPS process improvement models. This mapping provides the basis for analyzing these modeling languages in relation to their expressiveness in software processes representation.
In addition to this introduction, Section 2 presents the related works to this research. In Section 3 we propose a mapping that shows the equivalence amongst modeling languages elements in relation to the CMMI-DEV and MR-MPS elements. In order to validate this analysis, a case study is presented in Section 4. Section 5 proposes an analysis to assess which of these languages is best suited for the representation of software processes. Finally, Section 6 presents the conclusions of this paper.
Related Works
A proposal similar to that presented in this paper is discussed in [9] , which proposes the modeling of the CMMI guide concepts from the SPEM notation as a basis for software processes modeling. The goal of this proposal is to capture information on the compliance and compatibility of CMMI in relation to SPEM, identifying the software process components and their relationships. The motivation for this paper is the composition of a software process metamodel for a PSEE (Process Software Engineering Environment) which allows process definitions compliant to CMMI and SPEM. However, this proposal does not evaluate the modeling languages available to justify the choice of language adopted in its metamodel.
There are two approaches that propose the automatized enactment of software processes development modeled after the SPEM standard [1, 12] . To achieve this goal, both approaches apply model transformation techniques specified in the SPEM model for a specification of thee BPMN sub-processes in order to make them executable from the process execution language BPEL4WS (Business Process Execution Language for Web Services). One of the early stages of this process is the mapping of SPEM and BPMN components. However, models transformations impose refinement stages before they can be executed. These refinement stages demand a great effort in maintaining the mapping between models in the case of any change in the process, causing the loss of appropriate semantics.
A comparative study of several standards for processes modeling, including SPEM and BPMN, is presented in [13] , and in relation to the characteristics considered necessary to achieve this purpose. However, this approach presents no practical validation of the research conducted.
Through the mapping presented in the current paper, it is possible to observe which of these models have components that are semantically equivalent to each other. For some non-equivalent components, compliance was achieved by establishing conditions, restrictions or compositions of more than one component of the target model. It will be further explained in the Subsection 3.2.
From the case study described in Section 4, it is possible to observe a practical scenario of how the models relate to each other, allowing the extraction of relevant information to a proposal that meets the main practices and recommendations inherent to software processes within a model quality.
Mapping between Modeling Standards and Quality Models
This Section aims to describe the mapping between the BPMN and SPEM notations for the CMMI-DEV and MR-MPS quality models. Subsequently, an analysis of the structural and behavioral representation of these notations is performed.
Standard Structure of Software Process
Before performing the mapping, it is necessary to define a software process as a software process model and its diagrammatic representation. Thus, the overall structure of the composition of software processes used in this paper is based upon a model derived from an foundational ontology, named UFO (Unified Foundational Ontology) [14] , applied in the software processes area in the ODE Project (Ontology-based software development environment). This software process ontology (shown in Figure 1 ) was developed to establish a common concept for software organizations exchange information regardng their software processes. i According to this ontology [14] , Processes are collections of related activities that must be performed during the development of a product. Therefore, a Process consists of a structured set of Activities and all the infrastructure involved to perform them. In turn, Activities are the tasks or work that should be performed. An Activity requires Resources and can consume or produce Artifacts. An Activity can adopt a Procedure to accomplish this. This Activity can be decomposed into other Activities. The later kind of Activity are also known as Pre-Activities. The concept of Activity is present in all models of software process as it generates Artifacts from input Artifacts and other resources. Activities may represent any level of the process, e.g. an activity or a stage of the development process.
The people, software tools, equipment, or any other infrastructure necessary to run an Activity, are called Resources. Resources are mandatory elements to perform an Activity. A Resource can be a: human resource, hardware or software tools. A human resource, specifically, plays a role in the enactment of process activities. Finally, to restrict the execution of the activities defined in the process, there are the Restrictions that regulate the definition of the software process.
Mapping
To represent each process component presented in the Subsection 3.1, we can adopt a modeling language to enable its conception and later its visualization, enactment and assessment. In this paper, we chose to adopt the BPMN and SPEM standards for process modeling, both maintained by OMG [8] .
In order to describe the process stage and associated activities, there is the concept of LifecycleModel. This concept defines the structure and the approach to organize the activities into process Phases. The Lifecycle starts when a software is designed and comes to an end when the software has been discontinued. Therefore, the Lifecycle contains a set of development activities, operations and maintenance. Aligned with this concept, there is the Combination which defines how a set of Phases of a LifecycleModel should be performed and specifies the LifecycleModel, which can be sequential or iterative.
The SPEM is a language suited for specifying and defining the processes and their components. The SPEM offers some representations and stereotypes to model its main elements into UML diagrams. The description of the SPEM elements can be found in [6] . Otherwise, BPMN is a notation of the business process management methodology. It is composed of a set of standard icons suitable for designing a process. The goal is to support the management of business processes for both technical users and business users. It was developed by BPMI (Business Process Management Initiative). The description of the BPMN components can be found in [7] .
The Artifacts are software products produced or consumed when the activities are executed (i.e. code artifacts, documents or software components). Procedures are well-established methods applied in order to perform activities. They are used to assist on carrying out Activities. Aligned with this concept, there is the PatternOf Activity that may suggest a step-by-step to perform an Activity. The PatternofActivity represents activities common behaviors.
The CMMI-DEV purpose is to provide guidelines for improving processes and the management of products and services development [11] . The CMMI-DEV model has two representations: staged and continuous. The continuous representation offers a flexible approach to process improvement through the specific process areas. Oth-erwise, the staged representation offers a detailed step by step to process improvement path, describing the order in which each Process Area should be implemented through its Maturity Levels. This paper focuses the CMMI-DEV staged representation. According to CMMI-DEV [11] : "A Process Area is a cluster of related practices in an area that, when implemented collectively, satisfies a set of goals considered important for making improvement in that area. A Specific Goal describes the unique characteristics that must be present to satisfy the Process Area. A Generic Goal describes the characteristics that must be present to institutionalize processes that implement a Process Area." A detailed definition of these components can be found in [11] .
The MR-MPS model also aims to improve software processes, but it focuses instead in small and medium Brazilian organizations. Because of this, its implantation cost is lower than CMMI-DEV. In general, the MR-MPS describes what must be done to incremental improvements in processes, defining levels of maturity that are organized by processes that have achieved goals for outcomes. Maturity Levels expresses the degree of improvement across a predefined set of Processes in which a set objectives have been achieved. These Processes are defined as a set of related practices in an area that satisfy a set of results that are important for improvement in that area. Each Process has a Purpose that matches the overall goal of implementing the process in question, characterzed by the Expected Results. These are the observable results of successfully achieving a Process Purpose. Process Attributes represent a measurable property of the process capability profile. This is evaluated through the Process Attribute Results. Finally, the MR-MPS Implementation Guide provides guidance implementing this maturity model. Further information regarding MR-MPS components can be found in [10] .
Therefore, the Table 1 presents a mapping that structurally represents a reference model for software pro- 
The LifecycleModel can be represented in SPEM through the junction of the Process and Iteration components. Both describe the software life since its inception to its disuse. Furthermore, the Iteration specifies how this Process is organized. Both the CMMI-DEV and MR-MPS models do not specify a lifecycle in their models. These models only suggest that the lifecycle definition must be compliant with the nature and culture of the organization. Thus, each organization must define its own lifecycle.
The Combination component is represented in two SPEM components: Phase and ProcessPackage. Regarding BPMN, Combination is represented in Independent Sub-Process and Embedded Sub-Process. Phase is a significant period of time for a project that consists of interactions and milestones. ProcessPackage contains elements to define a process: activities, roles and products. An Independent Sub-Process can also include roles, activities and products in its definition. An Embedded Sub-Process represents any type of work performed in a process which is composed of other activities. The Combination regarding the CMMI-DEV and MR-MPS models is focused on Maturity Levels in composition of the Phase notation.
An Activity can be represented by Discipline in SPEM through a group's practices adherent to a common theme. This concept is represented through the CMMI-DEV Process Area and it describes all the work performed to achieve the goal. Furthermore, regarding the MR-MPS model, it is represented through Process. A Process represents a set of goals related to an area considered important for this area improvement. A Discipline corresponds to an Embedded Sub-Process in BPMN.
A TaskUse in SPEM is equivalent to a Task in BPMN because both represent a task that cannot be further split into other tasks. A Task corresponds to Specific Goals and Specific Practices in CMMI-DEV because they respectively represent a goal of the process area used and a work fraction to be accomplished. Regarding the MR-MPS, the Task corresponds to the Purposes and Expected Results which respectively represent the overall process implementation goal and activities that must be done to accomplish the Purpose. There is also the SPEM Activity notation which is related to the concepts of Purpose and Specific Goals of these models. Activity represents any type of work performed in a process. This process consists of other activities that are mapped to a BPMN Embedded Sub-Process which also can be composed of various activities. Regarding the CMMI-DEV and MR-MPS, the Activity component is also respectively related to the Process Area and Process.
Regarding SPEM, a
Step component is mapped to two concepts in the Standard Process Structure. It is mapped to Activity if this represents an ordered activity that aims to specify how a macro-activity can be performed. If it is the case, a
Step relates to the CMMI-DEV Subpractices component because of the fact that it refers to an atomic activity.
Step is partially mapped to the MR-MPS model because it does not have a Subpractices equivalent. Instead, the MR-MPS presents similar information to the
Step in its Implementation Guide [10] .
Step can also be mapped to the PatternOfActivities concept if it represents a collection of disordered activities that can be used as a guideline for the detection of sub-activities related to a macro-activity only if
Step is associated with a method as a procedure. If this is the case, a
Step relates instead to the CMMI-DEV Specific Goal and Specific Practice and the MR-MPS Expected Results. It is the case because the Expected Results incorporates practices and goals of an adopted process area.
An Artifact in the Standard Process is considered to be a SPEM WorkProductDefinition and a BPMN Data Object. An Artifact represents any product consumed or generated during the process. The CMMI-DEV component semantically equivalent to Artifact is the Typical Work Product. Furthermore, SPEM has a special component to represent an Artifact: a WorkProductUse that represents a task result which can be consumed or changed by another task. Regarding MR-MPS, the Implementation Guide contains references to artifacts that can be used as specific indicators of the implementation of the Expected Results.
A Procedure is represented by the Guidance component and the extensions of the later such as: Restrictions are mapped to a set of SPEM components. These components specify classifications or define limitations to the other components. In the case of the BPMN mapping, Restrictions are represented by the Rule component which specifies certain conditions for the realizetion of an event. Regarding CMMI-DEV, the Restrictions can be represented by several components that limit and restrict the execution of activities in the Process Areas. Otherwise, the Restrictions relates to the MR-MPS Process Attributes and Process Attributes Results. These MR-MPS components determine the conditions for the process institutionalization in the organizations.
The mapping of these approaches can lead to the conclusion that the standard may increase the productivity and quality of the development processes. To that end, the Section 4 presents a case study that aims to present a more practical use of SPEM and BPMN process modeling standards following the recommendations of the CMMI-DEV and MR-MPS models. Moreover, the case study presented in the following section validates the mapping presented in this section.
Case Study: REQM and GRE Modeling
The case study reported in this section was based upon the mapping presented in [15] , which contains guidelines for the implementation and evaluation of the Reference Model MR-MPS: 2009 in conjunction with the CMMI-DEV v1.2. This mapping between the two models considered that the MR-MPS processes are related to the process areas of CMMI-DEV and the expected results of the MR-MPS processes are related to the specific practices of the process areas of CMMI-DEV.
From this premise, we chose to model the Requirements Management (REQM) Process Area of CMMI-DEV, belonging to the Maturity Level 2 in their staged representation, with the Requirements Management (GRE) Process of MR-MPS, part of the Maturity Level G. Both will be jointly modeled in SPEM and BPMN standards, considering the equivalence between the components of quality models, in accordance to the mapping presented in Subsection 3.2 and the mapping between the expected results of the GRE process of MR-MPS and the specific practices of the area REQM process of CMMI-DEV, presented in [15] .
Modeling in SPEM
The Figure 2 presents the modeling of components for the GRE process of MR-MPS, and REQM process area of CMMI-DEV in SPEM.
The REQM and GRE are considered in SPEM a Discipline classified in Phase of Maturity Level 2 and Level G. In this case study, we present the SG 1, which states that "requirements are managed and inconsistencies with project plans and work products are identified" [11] . In the MR-MPS, the corresponding component is the process Purpose, in which case is that GRE "manages product requirements and product components of the project and identifies inconsistencies between requirements, project plans and work products of the project" [10] .
The SP 1.2 recommends to "Obtain commitment to requirements from project participants" which is equivalent to GRE 2, which in turn determines "The commitment of the technical staff with the approved requirements is obtained". Both are represented by the SPEM Activity notation and are detailed in Figure 3 .
According to the CMMI-DEV, the following artifacts (WorkProducts in SPEM) are used or produced:  Requirements impact assessments;  Documented commitments to requirements and requirements changes.
On the other hand, MR-MPS exemplifies (in its Implementation Guide-Level G) that the artifact Minutes of the Meeting can help the achievement of this expected result.
The Implementation Guide-Level G of the MR-MPS do not make any reference to sub-practices and procedures for this activity, while the CMMI-DEV specifies the following Sub-practices (Steps in SPEM) for this activity:  Assess the impact of requirements on existing commitments;  Negotiate and record commitments.
The extension to the Guide to Integrated Product and Process Development in CMMI-DEV highlights the importance of the agreement of different teams participating in the project to the requirements. This is considered a Guidance in SPEM.
Modeling in BPMN
The This case study provides a basis to perform the analysis of the representativeness of SPEM and BPMN standards in the context of software process modeling, presented in Section 5. Immediately, it can be seen that the SP 1.2 and GRE 2 are not equally represented in both modeling standards, which allows us to draw conclusions from a more detailed analysis.
Analysis of Representativeness
After presenting the case study and mapping it is possible to assess the representativeness of SPEM and BPMN standards. By establishing a comparison between these two standards, consider the following specific objective: to identify which of the two standards is more suitable for process modeling software. Thus, we identified some desirable features for performing this process modeling, using as a basis the recommendations found in [13] :  Expressiveness: the capability of representing the complexity and all the assets of software processes, according to the elements of the Ontology defined in [14] and shown in Figure 1 ;  Reuse: the ability to promote the reuse of assets contained in the process model;  Management: management support of the instances of the process (planning, monitoring and control);  Evolution: easiness to identify inefficient parts of the process, thereof aiming at improvement and development;  Multilevel: ability to provide high level views of the process, as well as greatly detailed ones;  Understanding: the capability to understand the model by all involved in the process, being the ones in the organization to which the process aims or their intended customers, especially those who are not experts in process modeling;  Organizational Integration: ability to establish integration and interaction with processes in other areas of the organization, facilitating the definition of processes with overall organization objectives alignment. In order to analyze the attendance of these characteristics by the SPEM and BPMN standards three criteria were established, as shown in Table 2 .
The Table 3 shows the analysis between SPEM and BPMN considering desired characteristics, using previously set out criteria and thereof justifying, when required, the choice made.
It was performed a comparative analysis to evaluate the characteristics presented in Table 3 . This analysis had the following results:  Expressiveness: BPMN is not a notation focused on software process modeling. Therefore, BPMN has less expressiveness than SPEM. This was demonstrated in the case study presented in the Section 4. It was not possible to represent the specific Subpractices to run the activities (Figure 5 ) through the BPMN notation in the Case Study. However, the SPEM notation was able to achieve that through the
Step component presented in the Figure 3 ;  Reuse: both standards allow the reuse of the notations used to represent the process assets. In the case study, the Activity (Figure 2) and Task (Figure 4) components respectively of SPEM and BPMN were reused;  Management: SPEM defines specialized notations to process instances because it is a software process modeling standard. Both Discipline and Phase are examples of this. Nevertheless, BPMN supports this through Embedded Sub-Process ( Figure 4) ;  Evolution: the evaluation and improvement of the process occur through the execution of it. This can help to identify weak points in the process through the analysis of the generated metrics. Regarding this, BPMN has the BPEL4WS execution language (Business Process Execution Language for Web Services).
However, SPEM is not very clear about the support to the process enactment [1] ;  Multilevel: both standards have appropriate notations to describe the processes in both high and low detail levels. However, the SPEM standard provides a greater number of concepts to express the multiple detail level, as evidenced with the presentation of the Process and Lifecycle notations ( Table 1) ;  Understanding: BPMN is a standard for modeling general business processes and aims to provide an understandable notation to all the process stake-holders. The objective of SPEM is to be a standard reference for software process modeling, using notations common to professionals in this area;  Organizational Integration: the SPEM standard focuses basically on the software development area of the organization. Since BPMN standard is oriented to business processes modeling, it allows the integration of software process modeled in its notation with other business process models of an organization. 
Evolution
The modeling performed by using the two standards alone is not sufficient to allow the process evolution.
Multilevel Do not apply.
Understanding
People who are not from the software engineering area tend to have difficulty understanding the SPEM notations.
Organizational Integration
The specificity of process elements provided by SPEM hinders or even impedes this integration.
Final Thoughts
The objective of the comparative study presented in this paper is to bring the Software Engineering community useful information to guide the choice of a standard, from the analysis of the organizational context in which the process will be defined, including organizational culture, human resources characteristics, relations between the various areas of the company. We expect this information, together with the results obtained in this work, provides software developer organizations the support to choose which technology would be more appropriate in defining and shaping their development process. Moreover, this paper made a comparison between the elements that compose the structure of CMMI and MPS.BR. Both models, being more focused on structural part of the process, lack representativeness in the modeling of processes with a higher degree of specification, where the SPEM has many components to represent this aspect. However, BPMN tends to be more easily understood and aims at the integration of organizational processes, it does not have as much expressiveness in the representation of software processes adhering to these models, based upon the study case.
This evaluation of modeling standards contributed to the conception of SPIDER_ML [16] , a modeling language characterized as a profile of SPEM 2.0. The choice of relying on SPEM is due to the fact that this is the OMG standard for modeling software processes, and due to the goal of SPIDER_ML to incorporate and formalize the practice of process modeling used by the software industry using a reduced number of components when compared to the number of elements of SPEM [17, 18] . This language is adopted in the tool Spider-PM in use at the SPIDER Project (acronym for Software Process Improvement: DEvelopment and Research) [19] . This project has the major focus of presenting technological solutions (open source tools, frameworks, toolsets) with appropriated characteristics to meet the best practice described in the quality models CMMI-DEV and MR-MPS.
The SPIDER_ML extension to support flexible and semi-automated process enactment is the scope of another study being currently in development [20] . Based upon the definition of enactment formalism, called xSPI-DER_ML, the SPIDER_ML will fully contemplate the process evolution characteristic, in order to provide greater dissemination and understanding of the SPEM language.
